ARRBERLE(1999) %39% Bo%
Korean ] Vet Res(1999) 39(6) : 1126~ 1140

ARA a9le] o8 SR g Agpustel wWejsh B
. wgelzAsy o AaenAd 92

72739 - 2E* - A& -t - el - A

itk Solets)
25 olneg e’
(19994 114 44 A+)

Pathological evaluation of renal changes induced by multiple
nephropathogenic factors in SPF chickens
I . Histopathological and electron microscopical observation
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Abstract : Renal failure is one of the main causes of economic impacts in the poultry
industry and complex syndrome with different severity of clinical signs caused by multiple
nephropathogenic factors such as infectious bronchitis viral infection and excess salt and calcium
in diet. To evaluate the comelation between severity of renal failure and the causative nephropathogenic
factors, one-day-old specific pathogen free chicks were treated with either single causative factor
or multiple causative factors described as above.

Each group was designed as control for non-treated control, IB for infectious bronchitis virus
(IB virus) infection, IBHNa for IB virus infection with high diet salt, IBHCa for IB virus
infection with high diet calcium, IBHNC for IB virus infection with high diet salt and calcium,
HNa for high diet salt, HCa for high diet calcium and HNC for high diet salt and calcium.
Chickens were inoculated with IB virus at 1-day-old and remained on their respective diets until
21 day of age.

The high dietary salt feeding groups such as IBHNa, IBHNC, HNa, HNC increased water
intake, watery diarrhea, general subcutaneous edema and the high dietary calcium feeding groups
such as IBHCa and IBHNC showed severe visceral gout. Two more than treated groups caused
high mortality in comparison with the single treated groups. IB virus exposure significantly
increased urate deposition and lymphocytic interstitial nephritis. Especially urate deposition
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dramatically increased when excess diet calcium was combined together. In excess diet salt

treated groups enlarged edematous kidneys were observed and hypertrophy of glomeruli were

showed.

These results suggest that IB virus enhanced the incidence and severity on chicken renal
failure clearly related to the quantity of salt and calcium.

Key words : infectious bronchitis, calcium, salt, chicken kidney.
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HEE H7heted NaCl H ¥ & 10%2 24§ ALE, 43
Mg E¢siol Ca YE S 35%2 24E AR, 4497
AP S g ARE FYIA FE TYste 199
8 #9484

HUAA 197 SPF Yol 3315F 854 A¥A
NETOEM ZANEE AHT ¥ dZ2F0=48), B
(n = 38), IBHNafn = 39), IBHCa(n = 39), IBHNC(n = 39), HNa
(n = 40), HCa(n=40) 28] 7 HNC(n=40) } X T 5 83
o2 AR 8% HTable 1). 1B, IBHNa, IBHCa, IBHNC 3
X 22 IB virus KMI1& 42 0.03ml(104.6EID50)& <t
AFARLH Z AXZL A BE AR HF
BEE AR 20UHA ASHAT. TFAE, A
5, 549 59 44 AE T2 3,
57,9, 14, 21498} ZF L 8F, HATEL 558 ¥
e A 5E AU

Table 1. Summary of experimental design

Group Treatment clzi‘:i‘;i
Control no treatment 48
IB IB virus' 38
IBHNa IB virus+high diet salt® 39
IBHCa IB virus+high diet calcium® 39
IBHNC  IB virus+high diet salt+high diet calcum 39
HNa high diet salt 40
HCa High diet calcium 40
HNC high diet salt+high diet calcium 40

" The chickens of IB, IBHNa, IBHCa and IBHINC groups were inoculaed
with dose of 104SEIDso/30p of KM91, which was Korean IB isolates,
per chicken using eye drop method at 1-day-old.

? Commercial chicken feed with 10% NaCl using cooking salt.

¥ Commercial chicken feed with 3.5% Calcium using imestonc.

He | ZAEy Uy

1) |0 W WA RAHY M NEAH g o
2 2ge SAHAE ANSHT ABE 4HE 3
239 10% $4 ¥22d £9¢ s 24d
ARE A 2AAHAA L AA webd ¥
¥ 4pm T2 AH 3L hematoxylin & eosin & A3} PAS
FAE st FHHN|H L2 MALFA, Aud, AL
A& WHAR g 194 52 Yo #agdon

calcium mineralization?] ¥<1€ 93 von Kossa G4 &
AN Eg

2) MAHOIZAY L3 A4 24248 lom’ A
4712 AE¥ ¥ 0.1M phosphate buffer(PB, pH 7.4)] =
1 1% paraformaldehyde-1% glutaraldehyde-§& o] 3] 7%
ot HuA3Y L 0.1M PBE 1587 38 £4% 9 1%
osmium tetroxides| 9087+ £ 143 %} 0.IM PBE 58
7t 33 A3t dAQ g wel ethyl alcohol B
T34& AA epon mixtureo] Ewjdigch. TrjzA L
ultramicrotome(Reichert-Jung, USA)S A} 43l 1pm=z 9t
A& 1% toluidine blue® FAe P, Fe@n|Roz
At 2 Y HAHAD. 2HHUHL A
Z}8}o] uranyl acetate} lead citrate 2 ©]| 5 G M8l T3}
A 4§ v} 7 (Hitachi H-7100FA, Japan)©. 2 #38} ).

EAHME - 4 FE ALY Hene g 4 A
Ao BAH F942 Sigma Stat Ver. 2.0(Jandel scien-
tific softwere, USA)E o] &3] Dunn's testo] o3 72 A
3o, p0.05Y 3¢ fFelsttn FA S

i o

YAEN W HAIR : YZ 2L AT G A 2AA
9 YHAHA YAFFE HE, $54x 59 4 Y
et & SAEtSlT 1B vinsE HE Y AX T XHE
EE AATAN 5EF 337 FHAE 2R g%k
t}. HNa, IBHNC, HNa, HNC § 24 A2 3%
SXF F7h T4 AL AR Fo) AU oY
& HA TN #2532 gotc). IBHCa, IBHNC A
AT E A/ £99 a4 2oz Adg #HFY
R ALl wtE EFFNE B 5 A%

Habe 2 5~109 3o chitsig o). 2744 &9 of
Aol #|¥ IBHNa(43.6%), IBHCa(64.1%), IBHNC(74.
4%), HNC(50.0%) X Fol A& 1744 a0l A& A
Ao} viE FdAHez xe WAEE YehY
(Table 2).

F42A 374 FEE SALAE ER A
FPEHAOH B vinsE FAFY AAZANE TE7)
WAS AR Gk A2 AP AXZY A
e AEY Hole Qo HAFig 1) £ 38
A Fdst gato] AAHY YA n(Fig 2), FHZ &
AR Fo g age] §FE 3AE & A
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Table 2. Comparison of daily mortality at cach group

Group lfi(a);'—glfd Do Mortality
chikens 1 2 3 4 5 6 8 9 10 11 12 13 14 21 *)

Control 56 14 1/56%(1.8)
IB 38 1 2 1 11 7/38(18.4)
IBHNa 39 2 22 1 2 2 1 1 17/39(43.6)
IBHCa 39 7 4 3 4 1 1 25,/39(64.1)
IBHNC 39 312 5 1 1 29/39(74.4)
HNa 40 1 4 1 1 1 11/40(275)
HCa 40 1 1/40(2.5)

HNC 40 3 1 6 5 1 1 20,/40(50.0)

A. Number of chickens died.
B. Number of total chickens died/Total number of chickens tested.

£4+3 22 B, IBHNa, IBHCa, [BHNC % IB vinus§ %
A 2]} A et LA 5 ) 0.7 (Fig 3) &3] IBS} IBHCa A
A Zo A& BHNag} IBHNC HAZHt o 48 24
Aol FUHUD. 84H R} 4F HF9oE 2By
A= fite] AFH U3 3L(Fig 4), BHNa, IBHNC,
HNa, HNC AR ZoM e £FH 08 FuUg AFe o
2% & YA HCa Aol M= 1498714 Eg
SA WA gigloy 21930 A g £&
FAG T4z FHHNUT. G2 FANE AYY
o ZA 5dE U423 8 Y 4 YA H(Table 3).

Ya|ZHEY 4% d2FE AT LE AT
M Ued %39 gz Ed 2738 A, Axd,
TDAGH EQH o2 REFHAD

IBHNa, IBHNC, HNa, HNC § T 9MAFL 393
ojFaA AEA 7]Aete] H|FE B e AP
A9 FY9E B AthFig 5). A7) Fd)= renal copus-
cleg FA 3 I mesengial cells} podocyted] 2
3 By uide] 7]d8 % om Al 7A BA Y
B olE HEY £33 A8 7AF IAY B9
A low W) 2 Bowman's spacedl| A & 235 QT

E3] ArA 71 A v 39F o]FRE 1AY
AT FolA Fo] #&Y § U HNC HA¢
A 7H¢ A8 dHEE ¥ vt BHNa HX 79
99 F oA 4002 713 YAEI} ) v DA GH A
TN E YA L2 HCa AXFo] 593, 14U o)A

Table 3. Gross findings with severity in the kidney of chick-

ens sampled from each group
Gross Lesion*
Group ' ] urate
swelling  congestion  edema deposition
Control 1.00 1.00 1.00 1.00
IB 2.83 1.17 1.00 2.50
IBHNa 3.00 140 1.80 1.60
IBHCa 3.30 1.80 1.00 2.60
IBHNC 2.50 2.75 2.25 2.00
HNa 2.20 1.40 2.00 1.00
HCa 2.00 117 1.00 1.00
HNC 2.60 1.80 1.60 1.00

*. Data are expressed as mean number of pathological changes.

The cffect of pathological changes were expressed as follows :

1: nonvisible change, 2: slight change, 3: mi8ld change, 4 : moderate
change, and 5: severe change.

Ha A A% ALY v FE gloy Ay eg 14
BA X ol vldta W7} Lohrh(Table 4). HEE Q4
dolA ArAe FdE B9 A2 L (IBHNa, [BHCa,
IBHNC, HCa)9] 41422 & PAS @48 HAdto] &9l
§ A3} AbEA 7)Y B EE HAE & UATHFR 6).

HAx@ §ue 2 B, [BHNa, IBHCa, IBHNC 5 IB
vis9] HEF A/E A ToNA dFo| Fo1gd o
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Table 4. Comparison of the hypertrophic severity of glomerular basement membrane in the kidney using lesion scoring system

among groups®
Days Control IB IBHNa IBHCa IBHNC HNa HCa HNC
3 13+07"%  1.0+00° 25405  14+09® 19+05® 21+1.0° 18+08°  22+09®
5 1.0+0.0° 10£00°  23+11®  15107°  26+09° 29411 28+08°  37110°
7 1.0+0.0° 12404  28+06° 1810 28+1.0™ 28+05° 13x07 32+10°
9 1.0£0.0° 1.0+00° 4.0+08  10+00° 255 2411 17407 28%11°
14 1.0+0.0° 12404® 3.0+14° 23106 NA** 27+07° 21+05°  3.0+08°
21 1.0+0.0° 1.0+00° NA NA NA 24408  19+07° NA

* Data are expressed as meantstandard deviation.

** NA = not applicable because the tested chickens wree died before sampling date.
@ Mean valucs in the row not followed by the same superscript are significantly different(p ¢ 0.05).

The effect of histopathological changes were expressed as follows :

1: nonvisible change, 2 : slight change, 3: mild change, 4 : moderate change, and 5: severe change,

g AT HEE BN Audy 48 830z 9457y
o A APHA AAZL, WAl ged 4
AE, 295 2 3479 Afo] FRHATG. EF A
w3 AHAEY YL FFH AL AEIL 34
oz AALZAE JEUUeH HAR A R F
AE AxdoA 25 FAHUcHFig 7, 8).

B &5 HAF& d#Ho] F7hge] det AMAE
AAA =7t Tl 144 F oA 7HE Ao 214
Bolxe ABALZADG ¢ YA =S} FAee d2F
3 Ydg Aol g Ho|A %t} IBHCa A F A&
5 74894 718 Ag YALE B F o] FE
of whet adte FEE YEA

IB virus$} d o] ¢l HNa, HCa 2] X+ IB virus

Ao vgte Ao YU HaAE ¥Ry
o] Wl wel ot xfo]& Hch HNa AT &
598 Mg Yool £3589 AR BT
M REEHAYE 9 HCa AA T AR RY AR
A Astgh # AR M WHL B vins AT o]
2% AR Hedon d¥e Frlo g} WHAIT
7} 4 8194 tH(Table 5, 6).

IB, IBHNa, [BHCa, IBHNC % IB virusE& H£3 X
ToA 59 o] FRE T A& AR Fe
AYAQA Y34 34 A44E 23 ¢& BERAd(Fig 9).
Yu7o] A& JARG £AR9 AN FRHHY
on d#o] Frtgdl wet 7] A& A
a8y IBENC A7 A9H 234 B AT

Table 5. Comparison of acute cortical tubular necorsis in the kidney using lesion scoring system among groups*

Days Control IB IBHNa IBHCa IBHNC HNa HCa HNC
3 1.0400°¢  16+09® 25405  25+05  25+07  1.6+09° 20407  19+09®
5 1.0+0.0° 204£08°  20+06°  40+12°  19+08° 20+10°  21+07°  23+11®
7 1.0£0.0° 22412°  23+08° 31413  23+06° 12404°  14+05°  12104%
9 1.0+0.0 18+11  19+10 3708 40 1.0£0.0 14109 1.0+0.0
14 1.0£0.0 24+13 20408 22403  NA* 1.0£0.0 14109 1.0£0.0
21 1.0£0.0° 1.0£00° NA NA NA 11£03° 27408 NA

@ Mean values in the row not followed by the same superscript are significantly different(p ¢ 0.05).

* Data are d as meanzstandard deviaton.

T

** NA = not applicable because the tested chickens wree died before sampling date.
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Table 6. Comparison of acute medullary tubular necrosis in the kidney using lesion scoring system among groups®

Days  Contol  IB IBHNa IBHCa IBHNC HNa HCa HNC
3 1.0+00 14409  18+10 26413  25+05  10+00  28+08 1.6+1.3
5 1.0+£0.0°® 22+15%  19+05® 43+11°  16+08° 21+17° 28+12°  15105°
7 1.0+£0.0°  2.3+08™ 17+05™ 35+1.3  28+05° 12+04™ 12+04™ 12104
9 1.0+00 21407 2110 27420 40 1.0+00 16109 1.0£0.0
14 1.04£00°  3.6+10°  34+05®  23+12% NA** 11402%  24+13% 15406
21 1.0+00° 1.0+00° NA NA NA 1.0+00°  35+17° NA

@ Mean values in the row not followed by the same superscript are significandy different(p ¢ 0.05).

* Data are expressed as mean+standard deviation.

**¢ NA = not applicable because the tested chickens wree died before sampling date.

219 %)M & IB virus HFH X 2o H]Ed PR
ol d YETe FHFo] FUHoR v %3St HNa,
HCa, HNC 5 IB vins& JF 814 ®& AL Ay
02 YETY Ao HUFHoR P ot 149
o] Fde diEE HATA AR A9 2T
3 go) dAHY oM, HCa A A= 21U o) 93
F 2 FARA Bvins JFLH U< J2o Y=
T Afo] FEHUG. 149 HAR L ARG Y
AZAT YL 2T S XFed AAN AN §F
Ao ez ¢ttt o, B visE HF ¢ 1B, [BH-
Na, IBHCa x| & 59# oA AR E}E 2o
A dAHoR YAt Agol #FEHUTHFig 10).
ALY Al FH9 214 & 4R $3E Ax
Bl e 24 3o]u mineralizationo] el o™ 4
§ Aole 4223 ¢ gART AN 84 F)

U mineralization& IBHCa x| 7oA EAHo g 73
o A AL sUHAM M A BEE B
d#o] Frige oet AFFEI FAEH T BHCa
HAZ oo 24 AFE B HAF& IBHNC A A
TOoEA T4 LAY & ARA T o] Fel & EA3}
) 9 9ttH(Table 7, Fig 11).

AU mineralization® Ca ¢k @74 glE [BHC,
IBHNC, HNC A XA #28 £ Aoy =7
& X3 2 9] AAZAE BEHA st BH-
Ca AX2& 54%AA 713 Aetlen 1 Fo e #32
s9lon HCa A F& 1493 o] F3E #wo] 713}
EYYE 5o 099 AF ARz A FPHe
7| mineralizationo] B o A¥ HF3E FuE
B2 = Ack(Table 8, Fig 12). HKE FAZAM 5g49
7Y T £y B F2ESY i von Kos-

Table 7. Comparison of urate deposition in the kidney using lesion scoring system among groups*

Days Control 1B IBHNa IBHCa IBHNC HNa HCa HNC
3 1.0+0.0 1000  1.0+00  10+00  10+00  10+00  1.0+00 1.0+0.0
5 1.0+0.0°®  1.0+00° 1.0£00° 33+18  1.0+00° 10+00° 1.0:00° 1.0+0.0°
7 1.0+£0.0 1.0+00  1.0£00 20420 15407  1.0+00  10+00 1.0£0.0
9 1.040.0 10+00 1000  18+16 10 10+00  1.0+0.0 1.0£0.0
14 1.0+0.0 10£00  1.0+£00 10400  NA** 10+£00  1.0+00 1.0+0.0
21 1.0+0.0 10400 NA NA NA 10+£00  1.0+00 NA

@ Mean values in the row not followed by the same superscript are significandy different(p { 0.05).

* Data arc cxpressed as meantstandard deviation.

**NA = not applicable because the tested chickens wree died before sampling date.
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Table 8. Comparison of mineralization in the kidney using lesion scoring system among groups*

Days Control IB IBHNa IBHCa IBHNC HNa HCa HNC
3 1.0+0.0 13£07  13+05 10400 15405  12+04 12404 1.0£0.0
5 1.0400°  1.0+00° 10+00°  32+15°  10+00°  10+00°  1.0+00° 1.0+0.0°
7 1.0+0.0 10400  1.0+00  15+10 10400  10+00  1.0+00 12404
9 1.0£0.0 10+00 10400 22415 20 10100  1.0+00 1.0+£0.0
14 1.0£0.0 1.0+00 10400  23+12  NA** 11402 18413 1.0£0.0
21 1.0+0.0° 1.0400° NA NA NA 1.0£00°  36%17° NA

@ Mean values in the row not followed by the same superscript are significantly different(p { 0.05).

* Data are expressed as meantstandard deviation.

** NA = not applicable because the tested chickens wree died before sampling date.
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AX 2% 250 dgen AFA ZAER 7Y

—o—Ciym
—a—tLym
- - C.et

4 e C Ly
4

—— Mot a2 ;
is
3

e M.Lym
O C.Met
—— M.Me1

uatsy

T

[T Ao Lym

L]
4
3
2
]
o
.

L el Lym

an2e usrenm

1028 uoreay

e WTETTRTTITW W e e T e M e AT e

|4
b4
<
3
IS

$1098 UOIBN
[ P S S
i
€ L
x
: ! H
: r
1 ;
;
. L
WO OIS

L b e s

21033 uoisa

[]
.
3
2
1
°
0y
3
2
1
L]
.
3
2
1
L]
4
3
2
1
L]

JU—T
1.8 8 1 8 w2 Ty 8 Y e s n
Day Osy

Fig 10. Comparison of means for histopathologic lesion score
on inflammatory cell infiltration.
C-Lym: lymphocyte infiltration in cortex tissue, C-Het: het-
erophil infiltration in cortex tissue, M-Lym: lymphocyte in-
filtration in medullary portion, M-Het: heterophil infiltration
in medullary portion.

£ IBHNa, IBHNC, HNa, HNC § 14 QA% IBH-
Ca, HCa X2 X BF FAIE Fej2 EFH A v
5] AATHFig 15-17).

 #&

£ AgeA sage ARd 988 & 7 A= 27
A o]49 8250 EFE AXFEANA w}T} £3
IB virus &3 ¥7 A=Y IBHNa, IBHCa, IBHNC
AATEL €Y & HAES Reley nAdY 1
Zgo] #4 Mg HNC A PAME o]g 89 &
EXE o 2 22 HAEE YElT o @ e
IB viruss} At EQYETY A5aHgd Bg ma®
ol o] IB virus, 2|4, Z#e] EFFL st A
o g A EGE YENE F dde A& FHEHA F
E Ao dadd d27Y 2he A X ZHCa)ol 4 9
e A9 gled ol AT 15 HAte AFAH
3 BdE HE e HolAE gyt

IBHNa, IBHNC, HNa, HNC 5 n| @A 7 4149
WazAgd L2742 £F, T2RHY $aHAL FTE
WA, AFEA ZAERYY 223, B33UFey H4
¥ Hjtje} F4, Aude 34 L4F Fo] B2
5} of Mohanty 9} West18¢] Z =9} st 28y of
22 A MY AR HA Fol & Swayne ef al 9
ATR T} Zo] Yy AR HRTE R FEALSH
o 93 FFd FHol& F4 AF A & Rolgn 4
Ztglo] A HHZALANN EAHQ ALFA J]A
ool g HFE S5FY FIE AR FALES 2

do N
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B2 AF c8¥YF S 4@ Rez2 AgE.
agy ZAHA AFE F439 9 IBHCa, HCa 3|
Z9Y AR ANz AFAY vzl B2 AL N’
g9 te 4dd gHNE & A 723, 7154
EQoz Ag BAH Lo o o]FojH £ UL A
S 2 JZE}. 279 AF ol & Henle's loop7} 151 )
A 9F F9o X B35 F Y(reptilian type, RT)2}
Henle's loopE 7HA|™ £3 4 29471x) L= EH
¥ % (mammalian type, MT)S] F71A HElo) Alg<(ne-
phron)7} QITH-*%. BaFe] R AQ EE G54 279
AVT(arginine vasotoxin)3= RT Al ¥ o] 283 §F Y
& 98 & GHAGAA RT ALEAY dFr5e A
A7 A MT AL¢ A 29 B8R FS F7HA1A 8
o AFTE FANAM MT ALY vl ¢} AL A o
& 74, urine flow rate 4, Na' tj& 271 59 A7)
T AEE RAY. ol # MT A2AY wg: Na'
toxicitye] £ Azolw, RT AL7FH Z oA MT A}
A2 YFF 7o B AVYdx s B
AFA Ca ¥ 59 bt AR AT TAHAE
T3 FASHA ALEA ZAER 1A v FE Fut
g AFTA Y W BREAG v o)A 2AE By
A 7)%o g 2739 R 2o

AN2¥ Bo| 79 % IB, IBHNa, IBHCa, IBHNC A ] 2
EdA g2d A% g € FEUNF 249 244
Z, a3 8AAFO] A% S AuEY 5o A44SR
A 3oAxe 94 2 gL, 9279 &S F9
§ AF ZHAH AY, Axd Wi g3 a3l
29 AYAH P28 274" ¥t BHNC
AR ZAMY 271 AHYA 43479 F7ke B4
A 9§ Ao T Ho] Latimer ef ol °8) AT
frAbE g T E ¥ Tsukamoto et al 9] A9} go] 7
2o AEAY 27 YAz fARKE Wi
A7}l Ao QA 3 oji} mineralization F 9] A
Ax go] BAHA

IB viruse: Al @ A Eo] A vlo]g 29 F4&
oA cytolytic actiond] o8 Ao WA g %
Hatx A4E o] FlE AEH o2 A FHAE
oA HolgAE wWEEE Y AYE Yehig® B
APNME B vins ZHE F AFA ZTE 3
3 7+AA A4, 84132, mineralization 2 2 Ko} 7t
A ARG Hol A&Hog LAY Ao wodn

B A 13 43S dgg& FutsigA T
Alzbel ZRESE Y Aol YehtE o] fE A& F
Ql vtolgj A9 E7} WA o g S50 A Y
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Legends for figures

Fig 1. Note pale and edematous enlargement of the kidney in HNC group at 7 days old.

.
.
.
.

[5)

g 2. Note severe congestion, edematous enlargement and urate deposition of the kidney in IBHNC group at 9 days old.
g 3. Note severe urate deposition and swollen kidney in IB group at 9 days old.
g 4. Note urate deposition and dilated ureter containing urate(large arrow) in IBHNC group at 7 days old.

5. Note hypertrophy of glomerulus characterized by thickened basement membrane of the capillary loops(arrow) in the HNa

group at 5 days old. A few lymphocytes and heterophils were infiltrated around the enlarged glomerulus(H&E, 1200 X).

Fi
Fi

g 6. Note thickened glomerular basement membrane(arrow) with reddish purple color in IBHNa group at 9 days old(PAS, 1200X).
g 7. Note severe tubular dilation containing urinary casts in IBHNC group at 7 days old(H&E, 300x).

Fig 8. Note lymphocytic and heterophilic infiltration(small arrow) were present in the interstitium and tubular lumen containing cel-
lular debris and necrotic tubules{large arrow) in the IBHNC group at 5 days old. Also moderate fibrosis and mononuclear cel-
lular infiltration were observed in the interstitium(H&E, 600X ).

Fig 9. Note severe lymphocytic infiltration(smail amrow) in renal cortical and medullary area in IB group at 14 days old(H&E, 300 ).

Fig 11. Note urate crystal deposition in necrotic renal cortex in the IBHCa group at 5 days old. Feathery urate crystals surrounded by

necrotic inflammatory cells were showa(H&E, 1200 ).

Fig 12. Note severe fibrosis(F) in renal cortex and medulla in HCa group at 21 days old. The surrounding tubules were atrophied by fi-
brosis and distended tubular lumens contained mineralized materials(arrowH&E, 600% ).

Fig 13. Note deposition of mineral with dark brown color(arrow) in ureter in IBHCa group at 7 days old(von Kossa, 1200 ).

Fig 14~17. Electron micrographs of kidney in chicks. Note budding of IB viral particles into the perinuclear space in a tubular ep-
ithelial cell in IBHCa at 14 days old chicks(Fig 14, 50000 ) and swollen basement membrane of glomerula in IBHNa at 14
days old chicks(Fig 15, 25000 ), in IBHCa at 14 days old chicks(Fig 16, 17500x), in HCa at 21 days old chicks(Fig 17,

25000
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